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A B S T R A C T 
It is a p p a r e n t that a s y s t e m s a n a l y s t ' s o r i g i n a l p e r c e p t i o n of an 
i n f o r m a t i c n problem is not s u f f i c i e n t l y o r e c i s e to e n a b l e an 
i m p l e m e n t a t i o n that s a t i s f i e s t h e e x a c t i n g c o n s t r a i n t s of a c o r o u t e r 
s y s t e m . Even if an a n a l y s t p e r c e i v e s the essential reaui f e v e n t s of 
h i s p r o b l e m , a v a i l a b l e high-level s o f t w a r e f a c i l i t i e s , e . g . data bise 
m a n a g e m e n t s y s t e m s , do not c l e a r l y s u g g e s t how they might tie a p p l i e d 
to solve the p r o b l e m of i n t e r e s t . T h e r e f o r e , this p a o e r o u t l i n e ? a 
s y s t e m s a r a l y s l s m e t h o d o l o g y for t r a n s l a t i n g the o r g a n i z a t i o n a l view 
of an information system into an i n t e r m e d i a t e form that s n ? n s the gap 
to the c o m p u t e r i z e d i m p l e m e n t a t i o n of that information s y s t e m . Based 
u p o n a f o u n d a t i o n of c o n c e p t s that c h a r a c t e r i z e s the role of a data 
b a s e in an information s y s t e m , the m e t h o d o l o g y e m p h a s i z e s the 
d e t e r m i n a t i o n of data r e q u i r e m e n t s . C o n s i s t e n t with the a p p r o a c h of 
s t r u c t u r e d p r o g r a m m i n g , the m e t h o d o l o g y e m D l o y s levels of a b s t r a c t i o n 
w i t h s t e p - w i s e d e c o m p o s i t i o n and restricted data s t r u c t u r e s . 
I N T R O C U C T ION 
A major c a r t of the i n f o r m a t i o n s y s t e m s d e v e l o p m e n t e f f o r t is 
e x p e n d e d in data base d e s i g n . The c o m m o n a o o r o a e h tc this tssk 
r e v o l v e s around the c o n s t r u c t i o n of the p h y s i c a l s t r u c t u r e of the data 
b a s e and the i m p l e m e n t a t i o n of a l g o r i t h m s that m a n i p u l a t e the 
r e s u l t i n g data s t r u c t u r e . To aid this process* a w i d e v a r i e t y of 
t e c h n i a u e s * e . g . data base m a n a g e m e n t s y s t e m s and file o r g a n i z a t i o n 
t e c h n i a u e s , have been d e v e l o p e d to e n a b l e the c o n s t r u c t i o n and 
m a n i p u l a t i o n of c o m p l e x data s t r u c t u r e s . H o w e v e r , there is a n o t a b l e 
a b s e n c e of aids to the a c t i v i t y t h a t m u s t n e c e s s a r i l y p r e c e d e the more 
a p p a r e n t task of physical data b a s e d e s i g n . The data base d e s i g n e r is 
s o r e l y in need of a conceptual framework that e s t a b l i s h e s g u i d e l i n e s 
for inferring the c h a r a c t e r i s t i c s of the d a t a base that s u ^ o o r t s the 
I n f o r m a t i c n s y s t e m . 
L 
A review of r e c e n t a p p r o a c h e s to o r o g r a m d e s i g n wi I ! reveal the 
s u b s t a n c e of this a s s e r t i o n . The a v a i l a b i l i t y of h i g h - l e v e l 
p r o g r a m m i n g l a n g u a g e s has only r e c e n t l y been suod 19n®nted by a 
s t r a t e g y f o r the d e s i g n of p r o g r a m m e d i mo I e men ta t i o ns of glgorithn-s. 
The c o n c e p t u a I f r a m e w o r k a f f o r d e d by s t r u c t u r e d p r o g r a m m i n g 
e s t a b l i s h e s a u i d e l i n e s for t r a n s l a t i n g a l g o r i t h m s into o r o o r a n s . 3 y 
v i r t u e of this f r a m e w o r k * we a r e row able t o m o r e e f f e c t i v e l y o e r f o r m 
and teach the i n t r i c a t e a r t of p r o g r a m m i n g . 
The c o n c e o t u a l f r a m e w o r k t h a t we seek is based upon a f o u n d a t i o n 
of c o n c e p t s . We shall b r i e f l y r e v i e w these c o n c e p t s b e f o r e we o u t l i n e 
t h e a p p l i c a t i o n of these c o n c e o t s to t h e task of data b a s e d e f i n i t i o n . 
F C U N D A T I C N C O N C E P T S 
S y s t e m s - c o Q c e a i s , 
The s i g n i f i c a n c e of s y s t e m c o n c e p t s tp m a n a g e m e n t i n f o r m a t i o n 
s y s t e m s has b e e n pointed out by D a v i s III and m a n y other a u t h o r s . A 
s y s t e m may be d e f i n e d as a set of i n t e r a c t i n g elements that o p e r a t e 
t o g e t h e r to a c c o m p l i s h an o b j e c t i v e . T h e r e f o r e * a system is c o m o o s e d 
of subsy.5±ams w h i c h iray a l s o be c o m p o s e d of other s u b s y ^ t e i s . The 
d i v i s i o n of a s y s t e m into its v a r i o u s s u b s y s t e m s is c a l l e d l a c t a t i a c 
or d a c o n D a s i l i Q o . 
The i n t e r c o n n e c t i o n s and i n t e r a c t i o n s b e t w e e n s u b s y s t e m s r e q u i r e 
i n t e r l a c e s b e t w e e n s u b s y s t e m s to e n a b l e i n t e r - s u b s y s t e m c o m m u n i c a t i o n . 
C o m m u n i c a t i o n is n e c e s s a r y to e n a b l e c o - o r d i n a t i o n of s u b s y s t e m s . To 
p r o m o t e i n d e p e n d e n c e between i n t e r a c t i n g subsysterns* and thereby 
r e d u c e the need for c o - o r d i n a t i o n * s y s t e m s may e m p l o y d a c o u Q l i Q a 
m e c h a n i s m s . D e c o u p l i n g m e c h a n i s m s include: 
1. I n v e n t o r i e s * b u f f e r s * and w a i t i n g lines 
2 . S l a c k and f l e x i b l e r e s o u r c e s 
3 . S t a n d a r d s . 
F i n a l l y * the basic model of a system c o n s i s t s of an innut* a 
p r o c e s s * and an o u t p u t as i l l u s t r a t e d in F i g u r e I. In order to 
c o n t r o l o p e r a t i o n of a systen* a f e e d b a c k and c o n t r o l looo is a d d e d to 
the basic model as i l l u s t r a t e d in F i g u r e 2 . The feedback loop 
c o n s i s t s of a s e n s o r t h a t m e a s u r e s system o u t p u t and t h a t c o m p a r e s 
t h e s e m e a s u r e m e n t s a g a i n s t s o m e s o e c i f i e d s t a n d a r d . If the s e n s o r 
d e t e c t s any v a r i a n c e from the s t a n d a r d * the loop invokes a c o n t r o l 
d e v i c e to send an inout to the p r o c e s s to b r i n g its o u t n u t into 
c o n f o r m a n c e w i t h the s p e c i f i e d s t a n d a r d . 
2 
Input Process Output 
Figure 1. Basic System Model 
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Figure 2. System with Feedback and Control Loop 
3 
U a o a o c n a n i . i o t a £ a a t i Q D _ s y s t e m s _ 
A c o m o u t e r - b a s e d m a n a g e m e n t i n f o r m a t i o n s y s t e m i n c l u d e s d i v e r s e 
o r g a n i z a t i o n and c o m p u t e r s y s t e m s that are linked by an i n f o r m a t i o n 
s y s t e m 1 2 1 . On one hand* t h e o r g a n i z a t i o n is Q u a l i t a t i v e and 
u n s t r u c t u r e d . On the other h a n d , the c o m o u t e r is t e c h n i c a l and r i g i d . 
An o v e r v i e w of the m a n a g e m e n t i n f o r m a t i o n system in ter^s of its 
c o m o o n e n t s y s t e m s is i l l u s t r a t e d in f i g u r e 3 . 
O r g a n i z a t i o n s y s t e m 
The o r g a l i z a t i o n s y s t e m is c o m o o s e d of f u n c t i o n a l s u b s y s t e m s that 
r e p r e s e n t the v a r i o u s f u n c t i o n s p e r f o r m e d by the o r g a n i z a t i o n . Each 
of these s u b s y s t e m s p e r f o r m s a c t i o n s or d e c i s i o n s in order to a c h i e v e 
d e s i g n a t e d g o a l s . These a c t i o n s or d e c i s i o n s can be p e r f o r m e d only if 
the s u b s y s t e m r e c e i v e s either t h e data that e n a b l e s the a c t i o n or the 
d a t a that e s t a b l i s h e s the c o n s t r a i n t s and o b j e c t i v e s of the d e c i s i o n . 
C o - o r d i n a t i o n of these a c t i v i t i e s m o t i v a t e s interest in the a t t r i b u t e s 
of s e l e c t e d p e r s o n s , o b j e c t s , and e v e n t s in each s u b s y s t e m . 
It is a p p a r e n t that the o r g a n i z a t i o n system c o n s i s t s of o e r s c n s 
and o b j e c t s of i n t e r e s t to o r g a n i z a t i o n a l a c t i v i t i e s . In a d d i t i o n , 
e v e n t s occur in c o n j u n c t i o n w i t h o r g a n i z a t i o n a l a c t i v i t i e s . For 
e x a m p l e , in a m a n u f a c t u r i n g f i r m , o r d e r s are received* p r o d u c t s are 
p r o d u c e d , and raw m a t e r i a l s are p u r c h a s e d . The role of e v e n t s is 
e s p e c i a l l y s u b s t a n t i a l in c o - o r d i n a t i n g the f u n c t i o n a l s u b s y s t e m s of 
the or gan i za t i o r . 
S i n c e the f u n c t i o n a l s u b s y s t e m s a r e p a r t s of a s i n g l e 
o r g a n i z a t i o n s y s t e m , c o - o r d i n a t i o n of the sub s y s t e m s is n e c e s s a r y in 
order to a c h i e v e o r g a n i z a t i o n a l o b j e c t i v e s . For example* the filling 
of c u s t o m e r o r d e r s r e q u i r e s c o - o r d i n a t i o n of the S a l e s , I n v e n t o r y , 
P r o d u c t i o n , and S h i o o i n a s u b s y s t e m s . C o - o r d i n a t i o n r e o u i r e s 
c o m m u n i c a t i o n among the i n t e r a c t i n g s u b s y s t e m s as i l l u s t r a t e d in 
F i g u r e A . This c o - o r d i n a t i o n is e f f e c t e d by the e s t a b l i s h m e n t of 
i n t e r f a c e s b e t w e e n i n t e r a c t i n g s u b s y s tems to c o m m u n i c a t e the 
o c c u r r e n c e of e v e n t s in one s u b s y s t e m to a n o t h e r s u b s y s t e m that mcst 
p e r f o r m seme action in r e s p o n s e to that e v e n t . For e x a m p l e , *he Sales 
s u b s y s t e m r e p o r t s c u s t o m e r o r d e r s to the I n v e n t o r y s u b s y s t e m which 
r epor ts either s h i p m e r t s to the S h i D p i n g s u b s y s t e m or b a c k o r d e r s to 
the P r o d u c t i o n s u b s y s t e m d e p e n d i n g on o r o d u c t a v a i l a b i l i t y . 
The i n t e g r a t i o n of the v a r i o u s f u n c t i o n a l s u b s y s t e m ? is r r o m o t e d 
by a s s o c i a t i o n s that exist a m o n g the v a r i o u s persons* o h j e n t s , qnd 
e v e n t s of i n t e r e s t . For e x a m p l e , there may be an a s s o c i a t i o n b e t w e e n 
a p e r s o n and the e v e n t s that he c a u s e d , b e t w e e n events and the o b j e c t 
t h a t they affect* or b e t w e e n an e v e n t and a n o t h e r event c a u s e d by the 
f i r s t e v e n t . In the f i r s t c a s e , a C u s t o m e r may be a s s o c i a t e d with an 
O r d e r . In the s e c o n d p l a c e , a B a c k p r d e r m a y be a s s o c i a t e d with a 
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Figure 4. Subsystem Interaction 
e 
B a c k o r d e r . L e s s a p p a r e n t is the c o n t r i b u t i o n of t h e s e a s s o c i a t i o n s to 
e n a b l i n g f e e d b a c k . For e x j u o l e » by v i r t u e of the a s s o c i a t i o n of a 
C u s t o m e r with an Order and of an Order with a ^ a c k o r d e r * the 
s u b s e q u e n t f u l f i l l m e n t of a 'Jackarder c o u l d be r e o o r t e d to the 
a f f e c t e d C u s t o m e r . T h e i n t e r i l a y of o e r s o n s * o b j e c t s * events* and 
t h e i r a s s o c i a t i o n s among s u b s y s t e m s is i l l u s t r a t e d in F i g u r e 5 . 
C o m p u t e r s y s t e m 
The c o m D u t e r s y s t e m is c o m p o s e d of f u n c t i o n a l s u b s y s t e m s that 
r e p r e s e n t t h e v a r i o u s f u n c t i o n s p e r f o r m e d by the c o m p u t e r . F a c h of 
t h e s e s u b s y s t e m s f u l f i l l s its d e s i g n a t e d role in the c e r f o r ^ a n c e of 
c o m p u t e r w o r k l o a d s . A s u b s y s t e m can f u l f i l l its role only if it 
i n t e r a c t s with the o t h e r s u b s y s t e m s t h a t s u p p o r t its f u n c t i o n . [n 
t h i s way* the i n p u t s u b s y s t e m r e c e i v e s the data to be p r o c e s s e d * the 
s t o r a g e s u b s y s t e m s t o r e s the d a t a b e f o r e and a f t e r it is o r o c e s s e d * 
t h e p r o c e s s i n g s u b s y s t e m p r o c e s s e s the data* and the o u t o u t s u b s y s t e m 
g e n e r a t e s the data after p r o c e s s i n g . T h i s i n t e r a c t i o n among 
s u b s y s t e m s also r e q u i r e s the e s t a b l i s h m e n t of i n t e r f a c e s b e t w e e n the 
s u b s y s t e m s to e n a b l e t h e m to f u n c t i o n in a r i n t e g r a t e d f a s h i o n to 
p r o c e s s the w o r k l o a d . 
In a c o m p u t e r system* the m e c h a n i s m s a v a i l a b l e for s u p p o r t i n g 
o r g a n i z a t i o n a l a c t i v i t i e s b e a r little r e s e m b l a n c e to their 
c o u n t e r p a r t s in the o r g a n i z a t i o n s y s t e m . E v e n with ^ct-ieved hich-
level s o f t w a r e f a c i l i t i e s * t h e r e is little w e l l - c o n c e i v e d s t r a t e g y for 
i m p l e m e n t a t i o n cf c o m p u t e r i z e d p r o c e s s i n g in support of o r g a n i z a t c o r a I 
a c t i v i t i e s . Fcr e x a m p l e * the data d e f i n i t i o r and dat3 m a n i O L l a t i o n 
f a c i l i t i e s of data base m a n a g e m e n t s y s t e m s do a a t c l e a r l y s u g c o s t how 
a s y s t e m s a n a l y s t m i g h t aoply t h e m to s o l v i n g h i s p r o b l e m . At least* 
t h e s t r u c t u r e d p r o g r a m m i n g s t r a t e g y g u i d e s the p r o g r a m m e r t o w a r d a 
p r o g r a m m i n g l a n g u a g e r e o r e s e n t a t i o n of an a l g o r i t h m . H o w e v e r * the 
s y s t e m s a n a l y s t h a s little g u i d a n c e in f o r m u l a t i n g the data s t r u c t u r e 
a n d m a n i p c l a t i o r a p p r o p r i a t e tb h i s o r o b l e m . 
The gao b e t w e e n the o r g a n i z a t i o n and c o m p u t e r s y s t e m s s u g g e s t s 
t h e need for a c o n c e p t u a l b r i d g e b e t w e e n t h e s e two s y s t e m s . S u c h a 
b r i d g e w c u l d g u i d e and s t r u c t u r e a s y s t e m s a n a l y s t ' s a c t i v i t i e s w h i l e 
h e f o r m u l a t e s his a p p r o a c h to a n o r n a r i z a t i o n a I r e o u i r e n n r t . Such a 
b r i d g e w o u l d n o t remove the n e c e s s i t y for the a n a l y s t to be f a m i l i a r 
w i t h the a p p l i c a t i o n dorrain w i t h which he is d e a l i n g . Instead* the 
c o n c e p t u a l link i d e n t i f i e s t h e c o n c e p t s c o m m o n to all a p p I i c a t i o n s of 
m a n a g e m e n t i n f o r m a t i o n s y s t e m s in o r d e r to s u p p l e m e n t s o e c i f i c 
k n o w l e d g e of o r g a n i z a t i o n and c o m o u t e r s y s t e m s . 
•LnI.OLinaii.CD-sits t e n - n m d e i . 
T h e c o n c e p t u a l link is an i n f o r m a t i o n s y s t e m model that p r o v i d e s 




Figure 5. The Role of Persons, Objects, Events, and their 
Associations in Subsystem Interaction 
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in a c o n c e p t u a l f r a m e w o r k that is also coiroatible w i t h c o m o u t e r s y s t e m 
c o n c e p t s - The i n f o r m a t i o n s y s t e m model is itself a s y s t e m c o m p o s e d of 
i n t e r a c t i n g s u b s y s t e m s : 
L. I n o u t s u b s y s t e m 
2 . O u t p u t s u b s y s t e m 
3 . D a t a b a s e s u b s y s t e m 
A . P r o c e s s s u b s y s t e m . 
T h e c o r r e s p o n d e n c e to the v a r i o u s s u b s y s t e m s of the c o m p u t e r 
s y s t e m is c l e a r a n d t h i s is no s u r p r i s e . ' C o r r e s p o n d e n c e to the 
e l e m e n t s of the o r g a n i z a t i o n a l s u b s y s t e m can be e s t a b l i s h e d . The 
e l e m e n t s of the o u t p u t s u b s y s t e m c o r r e s p o n d to the a c t i o n s and 
d e c i s i o n s P e r f o r m e d by e a c h f u n c t i o n a l s u b s y s t e m . The e l e m e n t s of the 
p r o c e s s s u b s y s t e m c o r r e s p o n d to t h e p r o c e d u r e s and m o d e l s u s e d to 
p e r f o r m e a c h a c t i o n or d e c i s i o n . The e l e m e n t s of the input s u b s y s t e m 
c o r r e s p o n d to the d a t a r e c e i v e d f r o m the e n v i r o n m e n t by the e l e m e n t s 
of t h e p r o c e s s s u b s y s t e m to g e n e r a t e the e l e m e n t s of the o u t D u t 
s u b s y s t e m . F i n a l l y * the e l e m e n t s of t h e d a t a b a s e s u b s y s t e m 
c o r r e s p o n d to the data r e c e i v e d from a n o t h e r p r o c e s s by an e l e m e n t of 
t h e p r o c e s s s u b s y s t e m to g e n e r a t e the elerrents of the o u t p u t 
s u b s y s t e m . 
Data b a s e s u b s y s t e m 
The d a t a b a s e s u b s y s t e m s e r v e s as a d e c o u p l i n g mechanist- b e t w e e n 
t h e i n p u t a n d o u t p u t s u b s y s t e m s . The i n p u t s u b s y s t e m g a t h e r s t h e d2ta 
f r o m the e n v i r o n m e n t to be u s e d to g e n e r a t e i n f o r m a t i o n to the 
e n v i r o n m e n t t h r o u g h the o u t D u t s u b s y s t e m . H o w e v e r * the o u t o u t 
s u b s y s t e m d o e s n o t n e c e s s a r i l y g e n e r a t e i n f c r m a t i o n at the saire time 
n o r at the same r a t e as t h e i n p u t s u b s y s t e m r e c e i v e s d a t a . T h e r e f o r e * 
t h e data b a s e s u b s y s t e m is an i n v e n t o r y of d a t a r e s o u r c e s . 
F u r t h e r m o r e * th9 o u t p u t s u b s y s t e m d o e s n o t n e c e s s a r i l y r e q u e s t 
I n f o r m a t i o n in a f o r m a t that is i d e n t i c a l w i t h t h a t of t h e d a t a u s e d 
t o g e n e r a t e the d e s i r e d i n f o r m a t i o n . H e n c e * the d a t a b a s e s u b s y s t e m 
m a i n t a i n s a s t a n d a r d s o a c i f i c a t i o n for data r e s o u r c e s in o r d e r to 
d e c o u p l e the i n c o m p a t i b i l i t i e s b e t w e e n the input and o u t o u t 
s u b s y s t e m s . T h e d e c o u o l i n g r o l e of t h e d a t a base s u b s y s t e m in t h e s e 
r e s p e c t s m o t i v a t e s the r e s i d e n c e of the d a t a b a s e s u b s y s t e m in the 
s t o r a g e s u b s y s t e m of a c o m p u t e r s y s t e m . 
W i t h r e s p e c t to t h e o r g a n i z a t i o n s y s t e m * the d a t a b a s e s u b s y s t e m 
a l s o f u n c t i o n s as a d e c o u p l i n g m e c h a n i s m . The v a r i o u s f u n c t i o n a l 
s u b s y s t e m s of an o r g a n i z a t i o n s y s t e m are i n t e r a c t i n g s u b s y s t e m s that 
m u s t c o m m u n i c a t e w i t h one a n o t h e r to a c h i e v e the d e s i r e d s y n e r g i s t i c 
e f f e c t . A g a i n , t h e d a t a b a s e s u b s y s t e m s e r v e s as b o t h an I n v e n t o r y 
a n d as a s t a n d a r d for the data r e s o u r c e s t h a t a r e g e n e r a t e d by any 
f u n c t i o n a l s u b s y s t e m a n d can be u s e d by a n y other f u n c t i o n a l s u b s y s t e m 
in p u r s u i t of t h a t s u b s y s t e m ' s o b j e c t i v e s . S i m i l a r l y , the d a t a b a s e 
s u b s y s t e m a l s o d e c o u p l e s s e p a r a t e p r o c e d u r e s and m o d e l s w i t h i n a 
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s i n g l e s u b s y s t e m . H o w e v e r * it is the data b a s e s u b s y s t e m ' s role as a 
d e c o u p l i n g m e c h a n i s m b e t w e e n f u n c t i o n a l s u b s y s t e m s that e l e v a t e s it to 
its central role in an i n t e g r a t e d i n f o r m a t i o n s y s t e m . 
In its role as a d e c o u p l i n g mechanism* the data b a s e s u b s y s t e m 
s h o u l d t h e r e f o r e c o n t a i n r e o r e s e n t a t i o r s of the oersons* o b j o c t s * and 
e v e n t s of i n t e r e s t to o r g a n i z a t i o n a l a c t i v i t i e s . The e l e m e n t s of the 
d a t a b a s e s u b s y s t e m that r e o r e s e n t these o e r s o n s * o b j e c t s * and e v e n t s 
a r e c a l l e d e o t l i i e s . F u r t h e r m o r e * the data b a s e s u b s y s t e m s h o u l d also 
c o n t a i n r e p r e s e n t a t i o n s of the r e l e v a n t a s s o c i a t i o n s a m o n g the 
o r g a n i z a t i o n a l persons* o b j e c t s * and e v e n t s . The e l e m e n t s of the data 
b a s e s u b s y s t e m that r e o r e s e n t thes9 a s s o c i a t i o n s are c a l l e d 
t e l a t i o a s b i o s a f o n g the c o r r e s p o n d i n g e n t i t l e s . The c o n c s o t s of 
e n t i t y and r e l a t i o n s h i p for d a t a base d e f i n i t i o n have b 9 e n o r o o o s e d by 
b o t h T e i c h r o e w 131 and Chen I * ) . 
P r o c e s s s u b s y s t e m 
In order to f u n c t i o n e f f e c t i v e l y as a d 9 c o u o l i n g m e c h a n i s T * the 
d a t a base s u b s y s t e m m u s t m a i n t a i n the data r e s o u r c e s so that they 
a c c u r a t e l y r e f l e c t the s t a t e of the o r g a n i z a t i o n a l e n v i r o n m e n t . Only 
in this way can the p r o c e s s s u b s y s t e m use the data r e s o u r c e s to e f f e c t 
the a p p r o p r i a t e o r g a n i z a t i o n a l d e c i s i o n s and a c t i o n s . T h e r e f o r e * the 
p r o c e s s s u b s y s t e m f u n c t i o n s as a d a t a base control m e c h a n i s m that 
i n s u r e s that the data base s u b s y s t e m c o n f o r m s to the s t a n d a r d 
e s t a b l i s h e d by the e n v i r o n m e n t . Then* the u p d a t e f u n c t i o n of the 
p r o c e s s s u b s y s t e m s e n s e s the s t a t e of the data b a s e for c o m o a r i s o n 
w i t h the s t a t e of the e n v i r o n m e n t . If the data b a s e is not in 
c o n f o r m a n c e * th? u p d a t e f u n c t i o n invokes a c o n t r o l m e c h a n i s e to m o d i f y 
the data b a s e to conform to the s t a t e of the e n v i r o n m e n t . 
In the same way that the e l e m e n t s of the o r g a n i z a t i o n system 
m o t i v a t e the data base s u b s y s t e m of the information system* the 
f u n c t i o n a l s u b s y s t e m s m o t i v a t e the e l e m e n t s of the p r o c e s s s u b s y s t e m 
of the i n f o r m a t i o n s y s t e m . The o r o c e s s s u b s y s t e m c o n s i s t s of 
p r o c e s s e s t h a t a e r f o r m f u n c t i o n s in s u p p o r t of o r g a n i z a t i o n a l 
a c t i v i t i e s . Each functional s u b s y s t e m is f a c t o r e d into a c o l l e c t i o n 
of p r o c e s s e s that p e r f o r m the a c t i v i t i e s of the s u b s y s t e m . This 
d e c o m p o s i t i o n may m o t i v a t e a d d i t i o n a l e n t i t i e s and r e l a t i o n s h i p s to 
D r orrote i n t e r - p r o c a s s c ommun i c a t i o n . For examo I e* d e c o m p o s i t i o n of 
t h e P r o d u c t i o n s u b s y s t e m into S c h e d u l i n g and R e a u i r a m e n t s G e n e r a t i o n 
p r o c e s s e s r e v e a l s C o m p o n e n t e n t i t i e s that arc. r e l a t e d to Part e n t i t i e s 
b y virtue of the fact that c o m p o n e n t s c o n s i s t of p a r t s . f u r t h e r m o r e * 
t h e P r o d u c t e n t i t i e s t h e m s e l v e s are r e l a t e d to the C o m o o n e n t e n t i t i e s 
b y v i r t u e of the fact that n r o d u c t s c o n s i s t of c o m p o n e n t s . The role 
o f e n t i t i e s and r e l a t i o n s h i p s in o r o c e s s i n t e r a c t i o n is i l l u s t r a t e d in 
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Figure 6. The Role of Entities and Relationships 
in Process interaction 
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Our a p p r o a c h to s y s t e m s a n a l y s i s e m p l o y s levels of a b s t r a c t i o n 
for inferring data p r o c e s s i n g r e q u i r e m e n t s f r o m the o r g a n i z a t i o n 
sys ten in p r e p a r a t i o n for imp l a m e n t a t i o n In the c o m p u t e r s y s t e m . The 
d a t a base d e s i g n e r is aided by levels of a b s t r a c t i p n that e n a b l e him 
to c r o s s from the o r g a n i z a t i o n to the c o m p u t e r s y s t e m in I n c r e m e n t a l 
s t e p s rather than in a s i n g l e j u m o . The h i g h e s t level u s e s c o n c e p t s 
t h a t relate to the o r g a n i z a t i o n s y s t e m and the lowest level uses 
c o n c e p t s that r e l a t e to the c o m o u t e r system w h i l e the middle level 
u s e s c o n c e p t s t h a t r e l a t e to the I n f o r m a t i o n s y s t e m . This a p p r o a c h is 
c o n s i s t e n t w i t h the s t r u c t u r e d p r o g r a m m i n g 151 a p p r o a c h to o r o q r a m 
d e s i g n that e m p l o y s s t e p - w i s e d e c o m p o s i t i o n and r e s t r i c t e d control 
s t r u c t u r e s . ? o r s y s t e m s a n a l y s t s * we e m p l o y s t e p - w i s e d e c o m p o s i t i o n 
for i n f e r r i n g p r o c e s s i n g r e q u i r e m e n t s and r e s t r i c t e d data s t r u c t u r e s 
for Inferring data r e q u i r e m e n t s . The r e l e v a n t c o n c e n t s at e a c h level 
of a b s t r a c t i o n and their c o r r e s p o n d e n c e to the o r g a n i z a t i o n * 
i n f o r m a t i o n * and c o m p u t e r s y s t e m s are listed in T a b l e s 1 and 2 . 
T a b Ie 1 
L e v e l s of A b s t r a c t i o n for P r o c e s s i n g R e q u i r e m e n t s 
C Q Q c e a i S y s t e m 
1 . F u n c t i o n a l s u b s y s t e m O r g a n i z a t i o n 
2 . P r o c e s s I n f o r m a t i o n 
3 . P r o g r a m m o d u l e C o m p u t e r 
Tab I e 2 
L e v e l s of A b s t r a c t i o n for Data R e q u i r e m e n t s 
C o Q c a n t S y s t e m 
1 . Person* object* event* a s s o c i a t i o n O r g a n i z a t i o n 
2 . Entity* r e l a t i o n s h i p I n f o r m a t i o n 
3 . Logical record* tree* n e t w o r k C o m p u t e r 
(Set* owner* member* parent* c h i l d ) (Data base m a n a g e m e n t s y s t e m ) 
Suomatit 
At the h i g h e s t level* initial d e c o m p o s i t i o n of the o r g a n i z a t i o n 
s y s t e m r e v e a l s f u n c t i o n a l s u b s y s t e m s that r e p r e s e n t the v a r i o u s 
f u n c t i o n s p e r f o r m e d by the o r g a n i z a t i o n . The a c t i v i t i e s of each 
s u b s y s t e m m o t i v a t e i n t e r e s t in s e l e c t e d persons* o b j e c t s * events* and 
t h e i r r e l e v a n t a s s o c i a t i o n s in order to c o - o r d i n a t e s u b s y s t e m 
i n t e r a c t i o n . 
At the i n t e r m e d i a t e level* the i n i t i a l l y i d e n t i f i e d P e r s o n s * 
o b j e c t s * and e v e n t s m o t i v a t e t h e i r r e p r e s e n t a t i o n as e n t i t i e s in the 
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d a t a bass s u b s y s t e m oT the information s y s t e m . F u r t h e r m o r e * the 
r e l e v a n t a s s o c i a t i o n s among the v a r i o u s persons* objects* and e v e n t s 
m o t i v a t e their r e o r e s e n t a t l o n as r e l a t i o n s h i p s in the data base 
s u b s y s t e m . A d d i t i o n a l l y * further d e c o m p o s i t i e n of the functional 
s u b s y s t e m s of the o r g a n i z a t i o n system i d e n t i f i e s o r o c e s s e s in the 
p r o c e s s s u b s y s t e m of the information s y s t e m . This d e c o m p o s i t i o n >ray 
m o t i v a t e a d d i t i o n a l entities and r e l a t i o n s h i p s to oromote inter-
p r o c e s s c o m m u n i c a t i o n . 
At the lowest level* the data d e f i n i t i o n r e a u i r e m e n t s soecified 
by the identified e n t i t i e s and r e l a t i o n s h i p s and the data m a n i p u l a t i o n 
r equ i r etren t s s p e c i f i e d by the identified p r o c e s s e s form the b a s i s for 
d e s i g n of the logical p r o g r a m module and data s t r u c t u r e to be 
I m p l e m e n t e d in the c o m p u t e r s y s t e m . An algorithm for logical design 
of program m o d u l e s from data m a n i p u l a t i o n r e q u i r e m e n t s has been 
d e v e l o p e d by Ho 1 6 1 . An a l g o r i t h m for logical design o f data 
s t r u c t u r e from data d e f i n i t i o n r e a u i r e m e n t s has been d 9 v e l o o e d by 
B I o s s e r 1 7 1 . 
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